Abstract. Aberrant expression of Kl-6/MUc1 mucin has been proven to be associated with poorer tumor behavior in many carcinomas. the aim of this study was to evaluate the expression of Kl-6/MUc1 in pancreatic cancer tissues and its potential involvement in tumor metastasis. the expression of Kl-6/MUc1 in 18 cases of pancreatic ductal carcinoma (pDc), 5 cases of intraductal papillary mucinous tumor (IpMt), and 3 cases of islet cell tumor was detected by immunohistochemical staining. to determine the impact of loss of Kl-6/MUc1 expression on pancreatic tumor progression, an sirnA targeting MUc1 was synthesized and transfected into panc-1 cells and capan-1 cells to knock down Kl-6/MUc1 expression. Down-regulation of Kl-6/MUc1 expression was detected by reverse transcription-polymerase chain reaction (rt-pcr) and western blotting. e-cadherin and Kl-6 mucin co-expression was detected by immunofluorescence. the expression of E-cadherin and E-cadherin/β-catenin comlex was determined by immunoprecipitation. cell invasive abilities were detected by invasion assay. positive Kl-6/MUc1 staining was observed in all 18 pDc cases (18/18,100.0%) and 1 metastatic IpMt case (1/5, 20.0%). the results suggested that Kl-6/MUc1 overexpression may be associated with more aggressive tumor behavior, although the cases of pancreatic cancer tissues in this study are limited. rt-pcr and western blotting showed that both Kl-6/MUc1 mrnA and protein can be effectively silenced. Following Kl-6/ MUc1 knockdown, e-cadherin expression increased. Also, e-cadherin/β-catenin complex expression increased and the invasive ability of the cells decreased. this study indicated that overexpression of Kl-6/MUc1 in pancreatic cancer tissues may be associated with metastasis of pancreatic cancer by regulating e-cadherin and e-cadherin/β-catenin complex expression.
Introduction
In spite of the recent efforts to improve prevention, screening, and therapy, pancreatic cancer has a poor prognosis: a 5-year survival rate of ~6% and a median survival of <6 months (1) . the major problem in the management of postsurgical cases is failure to control cancer micrometastases, which results from a lack of early detection and effective treatment. A monoclonal antibody (mAb) with high specificity and affinity could be used for targeted therapy, and may serve to overcome this problem.
MUc1 is a polymorphic, highly glycosylated, type I transmembrane glycoprotein expressed by ductal epithelial cells of secretory organs, including the pancreas, breast, lung, and gastrointestinal tract (2) . Kl-6/MUc1, a type of MUc1 categorized as cluster 9, is recognized by Kl-6 mAb, and its epitope includes sialo-oligosaccharide moiety in MUc1 molecules (3) . This mucin was first established in the serum of patients with intestinal pneumonia (4) but has recently been detected in various cancer tissues. recent histological and biological studies have suggested that aberrant expression of Kl-6/MUc1 in cancer tissues was associated with worse tumor behavior such as invasion and metastasis in ampullary carcinoma (5) , primary colorectal carcinoma (6) , and cholangiocarcinoma (7, 8) . our previous study also showed that positive Kl-6/MUc1 expression was associated with invasion of pancreatic cancer cells (9) . little is known about the expression profile of KL-6/MUC1 in pancreatic carcinoma tissues and its functional roles in metastasis.
e-cadherin and its associated proteins, such as β-catenin, are principal components of intercellular adherens junctions and mediate cell-cell adhesion. In most epithelial cancers, loss of e-cadherin mediated cell-cell adhesion is concomitant (11, 12) . the objective of the current study was to analyze the impact of alterations in Kl-6/MUc1 expression on e-cadherin/β-catenin expression in pancreatic cancer cells and its effect on cell migration. In this study, we used rnAi methods to suppress Kl-6/MUc1 expression in panc-1 and capan-1 cells and investigated the impact of decreased Kl-6/ MUc1 expression on tumor behavior of pancreatic cancer cells. Transfection and condition optimization. panc-1 and capan-1 cells were transfected with MUC1-specific siRNA (siGenome smartpool), or non-targeting sirnA pool 1# according to the manufacturer's instructions. siglo green transfection indicator was used to determine optimal sirnA transfection conditions. In 96-well plates, the optical transfection conditions for panc-1 cells were as follows: 5x10 3 cells/ well, 50 nmol/l sirnA, 0.2 ml transfection reagent. For capan-1 cells, the optical transfection conditions were as follows: 5x10 3 cells/well, 100 nmol/l sirnA, 0.8 ml transfection reagent. each experiment includes the following samples in triplicate: i) untreated cells; ii) mock-transfection (transfection regent only); iii) MUc1 sirnA; and iv) non-targeting siRNA (negative control siRNA). At specific time points after transfection, cells were fixed immediately for mRNA analysis and immunofluorescence staining, extracted for reverse transcription-polymerase chain reaction (rt-pcr), western blot analysis and immunoprecipitation, or prepared for cell invasion assay.
Materials and methods

Materials
RT-PCR for KL-6/MUC1
. to determine the effects of Kl-6/ MUc1 knockdown, Kl-6/MUc1 mrnA levels were determined using real-time RT-PCR. Briefly, RNA was extracted from cells using trIzol reagent as recommended by the manufacturer. equal amounts of rnA were converted to cDnA using M-MlV reverse transcriptase. Quantitative rt-pcr using syBr-green dye was performed using thermal cycler Dicet™ real-time system (tp 800, takara Bio Inc., ohtsu, japan). primers were as follows: Kl-6/ MUc1 forward, 5'-AgAcgtcAgcgtgAgtgAtg-3', Kl-6/MUc1 reverse, 5'-gAcAgccAAggcAAtgAgAt-3' , length: 172 bp; the gApDH forward, 5'-tggtAtcg tggAAggActcAtgAc-3', gApDH reverse, 5'-Atgc cAgtgAgcttcccgttcAgc-3' , length, 189 bp. the pcr cycling conditions were as follows: initial denaturation at 95°c for 30 sec, 33 cycles of denaturation at 95°c for 15 sec, annealing at 55°c for 20 sec, and extension 72°c for 20 sec, followed by a final extension of 95°C 15 sec, 60°C 30 sec, 95°C 15 sec. the relative gene expression was determined using the arithmetic formula: 2- (δct) , where δct is the difference in ct value between the gene of interest and the housekeeping gene, gApDH. All quantitative rt-pcr experiments were performed in duplicate and repeated four times. statistical analysis of these measurements consisted of an independent t-test. The mean difference was considered significant at the 0.05 level for all data (p<0.05).
Western blotting. After transfection for 48 h, cell lysates were prepared using rIpA lysis buffer. protein concentrations were quantified using a DC Protein Assay. Equal amounts of protein (20 µg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and then electrotransferred onto polyvinylidene difluoride membranes. After blocking with tBst buffer (20 mM tris-buffered saline and 0.1% tween-20) containing 5% BsA overnight at 4°c, the membranes were incubated with different antibodies (anti-Kl-6/MUc1 antibody, 1:750 dilution; anti-e-cadherin antibody, 1:1000; anti-β-catenin antibody, 1:1000; anti-β-actin antibody, 1:1000 dilution) for 1 h, which was followed by washing for 3 times. After incubation with Hrp-conjugated secondary antibodies for 1 h at room temperature, the reactivity was visualized by enhanced chemiluminescence using ecl western Blotting starter Kit.
Immunoprecipitation. Immunoprecipitation assay was performed to detect the expression of e-cadherin/β-catenin complex in the following manner. cells were lysed in rIpA buffer and then cell lysates were incubated with e-cadherin antibody (1:200 dilution) for 2 h at 4°c. Immunoprecipitates were prepared by incubation overnight with protein g agarose beads (Kpl, Inc., gaithersburg MD, UsA). pellets were washed three times with rIpA and analyzed by western blotting.
Immunofluorescence staining. Immunofluorescence staining was used to detect the expression of Kl-6/MUc1 and e-cadherin. Briefly, 48 h after transfection, cells were fixed with 3.75% formaldehyde for 10 min, rinsed and permeabilized with 0.2% triton solution for 30 min. After blocking, the cells were incubated with a mixture of Kl-6 antibody (1:200) and e-cadherin antibody (1:200) overnight at 4°c. After rinsing, the cells were incubated at 37°c for 1 h with diluted secondary antibody (anti-mouse Igg1-FItc and anti-mouse IgG2a-PE, 1:200). Then the cells were fixed and covered with mount medium and DApI. Fluorescence images were obtained using a fluorescence microscope (model BZ-9000; Keyence, osaka, japan).
Transwell chamber assay. After transfection, a suspension of cells (2x10 5 cells/100 µl) was placed in the control and matrigel-coated filters. the wells below were filled with 0.75 ml rpMI-1640 medium supplemented with 5% FBs. cells were allowed to migrate for 22 h at 37°c. Migration was terminated by removing the cells from the upper compartment of the filter with a cotton swab. Cells that had invaded through and reached the lower surface of filters were stained by Diff-Quik kit. the migrated cells were quantified by counting the number of cells in eight random microscopic fields per filter at a magnification of ×200. Statistical significance was determined by student's two-tailed t-test. the limit of statistical significance was P<0.05.
Results
KL-6/MUC1 expression in human pancreatic cancer tissues.
Immunohistochemical analysis was performed to determine the expression characteristics of Kl-6/MUc1 in pDc, IpMt, and islet cell tumor tissues used in this study. All of the 18 cases of pDc showed positive staining for Kl-6/MUc1. tumor cell cytoplasm and luminal surfaces, as well as the inner surfaces of glands in cancer regions, were strongly stained (Fig. 1A) . the population of Kl-6/MUc1 positive tumor cells in the cancer regions varied among the samples (mean 83.6%, range 57.0-95.0%). positive staining was rarely observed in the surrounding normal pancreatic tissues (data not shown). In all the 18 cases of pDc, venous invasion, lymphatic invasion, as well as liver or lymph node metastasis were found. positive staining can be observed only in the inner surfaces of glands in 1 case of the IpMt tissues (1/5, 20.0%), in which case lymph node metastasis was found (Fig. 1B) . positive Kl-6/MUc1 staining was not found in the islet cell tumor tissues (Fig. 1D) .
Effect of siRNA transfection on KL-6/MUC1 mRNA levels. rt-pcr showed that Kl-6/MUc1 mrnA can be effectively silenced after transfection in optimal transfection conditions. the inhibition rates of MUc1 sirnA on panc-1 cell Kl-6/ MUc1 mrnA were 85.03, 81.78, and 75.09% after 24, 48, and 72 h transfection, respectively ( Fig. 2A) . the inhibition rates of MUc1 sirnA on capan-1 cell Kl-6/MUc1 mrnA were 56.7, 58.1, and 45.8% after 24, 48 and 72 h transfection, respectively (Fig. 2B) . Additionally, no change was found in 
Effect of siRNA transfection on KL-6/MUC1, E-cadherin and β-catenin expressions, and E-cadherin/β-catenin complex
formation. the effect of sirnA transfection on Kl-6/MUc1 levels was determined by western blotting. Fig. 3A demonstrates that Kl-6/MUc1 expression was greatly reduced in both panc-1 and capan-1 cells incubated with MUc1 sirnA, while no change was found in Kl-6/MUc1 expression levels in the cells transfected by transfection reagent only and nontargeting sirnA compared to the untreated cells. western blotting result also showed that the e-cadherin protein levels were inversely related to Kl-6/MUc1 expression. low levels of e-cadherin protein were observed in panc-1 cells and their control cell lines while relatively more e-cadherin was observed in cells transfected with Kl-6/MUc1 sirnA. similar data were observed in capan-1 cells (Fig. 3A) . changes of β-catenin expression levels were not obvious after Kl-6/MUc1 down-regulation in both cell lines. these data suggested that Kl-6/MUc1 might inhibit e-cadherin protein expression by an unknown mechanism.
Immunoprecipitation studies were performed to determine if the increased e-cadherin in panc-1 and capan-1 cells with Kl-6/MUc1 'knockdown' was complexed to β-catenin. the result showed that e-cadherin/β-catenin complex of cells transfected with MUc1 sirnA was obviously increased compared with that of the control groups (Fig. 3B) , which meant that the increased e-cadherin in panc-1 and capan-1 cells with Kl-6/MUc1 'knockdown' was complexed to β-catenin.
Effects of siRNA transfection on KL-6/MUC1 and E-cadherin expression. Fig. 4 demonstrates Kl-6/MUc1 and e-cadherin expressions in optimal transfection conditions in both panc-1 Effect of siRNA transfection on cell invasion. since both Kl-6/MUc1 overexpression and loss of e-cadherin function have been implicated as mechanisms for cell migration, the impact of decreased Kl-6/MUc1 expression on cell invasion was evaluated using a matrigel invasion assay. As shown in Fig. 5 , the number of panc-1 and capan-1 cells that invaded through matrigel the chamber was significantly less than that observed in control groups (p<0.05). In panc-1 cells, the invaded cells per field decreased up to 50.1% compared with the untreated cells. In capan-1 cells, the invaded cells per field decreased up to 61.7% compared with the untreated cells. there was no statistically significant difference in invaded cells transfected by transfection reagent only and non-targeting sirnA compared to the untreated cells (p>0.05).
Discussion
pDc is an extremely aggressive malignancy, which progresses rapidly to develop metastatic lesions and carries a dismal prognosis. control of micrometastatic pancreatic cancer remains a major objective in pDc treatment. IpMts, which were firstly reported in 1982 by ohhashi et al as mucinproducing pancreatic cancers, have been increasing in the west and in japan (15) . IpMt is a slowly growing tumor with rare stromal invasion and a good prognosis (16) . Islet cell tumor is an uncommon tumor of the pancreas that arises from a type of cell called the islet cell in the pancreas (17) . An islet cell tumor is a mass of abnormal cells that forms in the endocrine (hormone-producing) tissues of the pancreas. Islet cell tumors may be benign (non-cancerous) or malignant (cancerous) (17) . In the present study, we first demonstrated the expression of the MUc1 antigen in various pancreatic cancer specimens using Kl-6 mAb. we found that all the pDc cases showed positive staining for Kl-6/MUc1, while the majority of normal pancreas cases did not. positive Kl-6/ MUc1 staining was observed only in the inner surfaces of glands in 1 case of the IpMt tissue (1/5, 20%) (Fig. 1B) . positive staining was not found in tumor cells of any IpMts or islet cell tumor cases ( Fig. 1c and D) . this result indicated that overexpression of Kl-6/MUc1 in pancreatic cancer tissues may be associated with more aggressive tumor behavior or worse tumor staging. the functional effect of decreased Kl-6/MUc1 in cancer cells was evaluated by in vitro cell migration assays. Decreased Kl-6/MUc1 expression in both panc-1 and capan-1 cells resulted in decreased migration as measured by a matrigel invasion assay. several mechanisms have been implicated in Kl-6/MUc1 mediated cell migration. Its large, heavily negative charged extra-cellular subunit may directly interfere with cell-cell adhesion. Alternatively, its cytoplasmic tail could affect signal transduction since it can bind to epidermal growth factor receptor (egFr) family members (18) and c-src (19) . In this study, Kl-6/MUc1 regulated expression of the cell adhesion molecule, e-cadherin, which might be another potential mechanism by which Kl-6/MUc1 inhibits cell migration. the result showed that reduced Kl-6/MUc1 expression, increased e-cadherin expression and restoration of the e-cadherin/β-catenin complex may altogether reduce cell migration.
MUc1, e-cadherin and β-catenin have all been implicated in pancreatic cancer development (20) (21) (22) (23) . the loss of e-cadherin gene expression can cause the dysfunction of the cell-cell junction to trigger tumor metastasis. Kondo et al (24) reported that decreased MUc1 expression led to increased e-cadherin-mediated cell-cell adhesion, suggesting that MUc1 competes with e-cadherin for binding to β-catenin. this prediction was confirmed in a previous study using MUc1-transfected HeK293t and Hela cells (25) . some studies have reported that cancer patients with aberrant MUc1, e-cadherin or β-catenin expression have a worse prognosis when compared to similarly matched patients (26) . It is possible that alterations in β-catenin and e-cadherin protein expression and localization are a long-term adaptive cellular reaction to MUc1 sirnA.
those results supported the hypothesis that Kl-6/MUc1 plays a complex role in the regulation of pancreatic cancer metastasis by directly or indirectly, regulating e-cadherin and β-catenin protein expression. 
